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( ABSTRACT

\£E>A computer program has been written in Fortran language that plots
fictitious latitudes and longitudes about an arbitrary polar system onto
standard Mercator projections. The mathematical development of this
program is presented along with a complete program description and
program listing. Several example plots generated by the program are

included to demonstrate its option characteristics.
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INTRODUCTION

This report describes a computer program that plots
latitudes and longitudes about any fictitious polar system
onto standard Mercator grids of geographic latitudes and lon-
gltudes. The principle of this program is shown schematically
In Figures 1 and 2. Figure 1A shows the geographic latitude
and longitude system for one-half of the earth, 0° to 180°
longitude. Figure 1B is thg standard Mercator projection at
10° intervals of latitudes and longitudes for 70°N to 70°S
latitude, and 0° to 180° longitude. 1In Figure 2A, one-half of
the earth is shown schematically again with geographic latitudes
and longitudes, only this time with ti.e addition of a second
latitude-longitude system for a second polar pair, Pl (60°N,

180°) and P, (60°S, 0°). 1In Figure 2B, the fictitious polar

2
system of latitudes and longitudes is shown projected onto a
standard Mercator grid.

The mathematical development of the program, presented in
the following section, should allow the reader to adapt the
program to other computer languages, such as PL/1, Assembly,
or Basic. The program description, which includes detailed
instructions for the use of job control cards, allows the program
to be utilized by workers with limited experience on an IBM/360
computer. A complete program listing is included in the final

section of the report, and examples of several plots generated

with the program are presented in the Appendix.



"3pPn3IT3u0T ,081-,0 PUB IPNITIBT §,0/-N,0L 303 uot3dafoxd z03@d19K g
* (@pnat8uot 008T~,0) UYlaea ayl jo jrey-auo 103 sopniiBuol paepue3s 30 O13IEWIYPS [BqOTH Y 1 814

0 M 06 +08l S
{ _-_00
09
S
- - +0f
OF =i 4
-O _—— e —— _-_ﬂ
M.06 |
0 <081
«0F “~o
— - =1
= | OE
N
09
209
N



‘g1 *313 3o 307d 103EBOI9 paepuels ojuo pazoalfoad Nm .Hm Inoqe sapn3T8UOT-S3IPNITIET] SNOTITIOIL °g

(,0 “S,09) %d “(,08T ‘N,09) T4 woisis zerod

«0%?

«0f

.Gm

«09

o0t

o0t

.09

:m

VI °*31d jo sopnif8uoy-sapniiiel piepuels uo

SNOTITIOTI Inoqe sapniTBuoT-SapniTIeT SNOTITIOTS °V

°c

*811




Although this program was developed for utilization in
geotectonic studies seeking to describe the surface kinematics
of the earth's crust (for an exampl: see Figure 15 of
Handschumacher, 1976), its applicability to numerous other
scientific investigations 1is apparent. The authors are inter-
ested in learning of such application and would appreciate
receiving information on how this program was used in other

areas of study.



MATHEMATICAL DEVELOPMENT

Consider that the axis of the cylinder tangent to the

sphere of radius R points in the direction of the unit vector
= 1 SIN 6_ COS + j SIN 6 SIN + cos 8 _ ,
5 i p ¢P l p ¢P & p

where Gp is the polar angle of the axis and ¢p is the azimuth
angle. Here the z-axis is the earth's axis passing through

the poles.

) ”

We may find two other vectors perpendicular to & and to one
another by using an analogy with the spherical coordinate

mutually perpendicular vectors. If 5 corresponds to [ and

and I to e we have
AN N g ’

(1)

CVIRIR Vr S0 R —r

ot




Ot

= 1 COS 6_ COS + COS 6 _ SIN - k ¢
s p ¢P 4 p ¢P 3" eRy eP

S + j CoOSs
% IN ¢p 'l Cos ¢p (2)

<

K = 1 SIN 8§ COS + SIN 6_ SIN + k COS .
Y Y P ¢P l P ¢P N £ eP

%, g, and 5 establish another rectangular coordinate system
X, Y, and Z as shown in Figure 3.
Every point on the cylinder of radius R with axis Z has

position vector

r = R COS ¢ % + R SIN ¢

+ 2K , (3)
ne a,

J
N

where ¢ als the azimuth angle in the X, Y, Z system. The radial
line with parameter t with azimuth angle ¢ the same as equation

(3) 1s

r = (SIN § COS & 1T + SIN O SIN ¢ J + COS O K) t o (4)
M n, a A

Equations (3) and (4) intersect when

t SIN O COS ¢ = R COS ¢
t SIN O SIN $ = R SIN ¢ (4a)

t COS O =7 .




Fquation (4a) gives us

t SIN 0 = R

t Cus QO - Z

5
or COT O (50

[}
™~N
S
=

re
[}

R/SIN O

Thus from equation (3) and (4) equivalently, we obtain using

equation (5)

ry = R/SIN 0 (SIN O COS ¢ I + SIN O SIN & J + COSO K)
o, n, N, n,

R COS ¢ 1 + R SIN G J + K Z (6)
4" n a,

COT ©

Z/R

Now if we consider the cylinder of radius R whose axis
is the z-axis and the radial line with parameter S, . we have

similar to the above in the x, y, z system

r = (SIN 6 COS ¢ £ + SIN 6 SIN ¢ ) + COS 6 k)S
nm N "
(7)

- +
3 R COS ¢ { + R SIN ¢ L +zk

So, similar to equation (6), the position vector of inter-

section is:

B e o

e e e

E———



Ea R/SIN 6 (SIN 6 COS ¢ L+ SIN 6 SIN ¢ 4 + COs ® 5)
= R COS ¢ 1 + +
¢ 1 R SIN ¢ 4 5 z (8)

COT 6§ = z/R

Now {M is parallel to {m since we are trving to find a
correspondence with points on the sphere to its projection on
the cylinders by radial lines. Since r, I!s parallel to r_ ,

M nm

we must! have
r, = Cr (where C is a constant). (9)

Thus, r, = Cr_ . Sq from equation (6) and equation (8)
a, a,M

SIN O SIN © or C= SIno

Therefore, equation (9) may be written

SIN O {M

= SINO r . (10)
n,Mm

On introducing the second equations of (6) and (8) in equation

(10), we obtain



SIN O (RCOS & I + R SIN & J + K 7)
v N o
(11)
= SIN A (R COS5S ¢ 1 + R SIN ¢ 4 + k 2z)
a, "
If equation (11) i{s dotted in turn by i, j, k, with the
4" a, v
use of equation (2), we obtain the following:
R SIN 6 COS ¢ = SIN O (R COS & cCoOS ep cos ¢p
- R SIN ¢ SIN + Z SIN 8_ COS
¢p 5 ¢p)
R SIN A SIN ¢ = SIN O (R COS ¢ COS Gp SIN ¢p (12)
+ R SIN & COS ¢ + Z SIN B_ SIN ¢ )
P P P
z SINO = SIN O (-R COS & SIN ep + 0+ Z COS Op)
If the first two equations above are squared and added
together, we obtain
2 2 2 2 2
SIN 6 = SIN © (COS™ ¢ COS ep + SIN® & + (Z/R)™ SIN Bp
(13)

+ 2(Z/R) C0S & SIN Bp (o0 )] Op)l/2

Thus from equation (12) we obtain

P et ok



10.

0s ¢ sS8_¢C -
cos ¢ cos p cos ¢P SIN ¢ SIN ¢>P + (2/R) SIN BP SIN ¢p

CoS9 = T 2 2
COS” #.COS” 8+ SIN"®+ (2/R) SIN" O+ 2(z/R) COSOSING  COS O

cos ® cos® sIN® + SIN® cosd + (Z/R) SIN8 SIN ¢
P P p P p (14)

SING = 2 2 2 2 .2
cos“ & cos 6p + SIN“¢+ (Z/R) SIN ep + 2(2/R) cos® SIN Bp coS Gp

- COS ¢ SIN Gp + (Z/R) coS ep

2

z/R = 2 2 2 2
cos” 0cos” 6 + SIN' 0 + (2/R)* SIN" 8+ 2(2/R) COSOSIN® COS O

Equation (14) enables the (¢, z) to be expressed in terms of (¥, 2).

Let us make the following conventions:

where Gp = latitude of fictitious pole referring to True North

Pole

¢p = longitude of the fictitious pole referring to True

North Pole

¢p = 0 passes through Greenwich
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)
p

6
P

0O North Pole !

T South Pole

is measured from west to east.

Thus 53°W has for ¢p’ ¢p = 360° - 53°

Also 53°N corresponds to ep = 90° - 53°

Notice that if the fictitious pole is south of the equator
then 53°S would correspond to ep = 90° + 53°.

The simplest way to generate the map of fictitious longi-

tude and latitude curves on the Mercator map is to use equation

(14).
Define
A = COS¢COS 6 COS ¢ - SINGSIN ¢ + COTOSIN 6_ COS ¢
p p p p P
B = CosS ¢ COS ep SIN ¢p + SIN % COS ¢'p + COTOSIN ep SIN ¢p (15)

2

R E/ COS2 fDCOS2 Gp + SIN20+ COT2 © SIN Qp + 2 COT 0 COS ¢ SIN Bp Ccos Bp

=/ a% + 82
where we have put Z/R = COT O.
To generate the maps of the fictitious longitudes put
$ = ¢p into (15) where @p is varied over the fictitious meri-
dians.

Then from equation (14) we have
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¢, = TAN 1 (B/A)  or sin“ B/ (a2 + B?) 1/2)

- COS ¢_ SIN g_ + COT @ COS @
COT 6 = z/R = E B 2 (16)

/ A2 + B2

and vary © through 0 < 0 < T to generate the map. Equation

(16) is the parametric equation for the map with parameter
being O .,

To generate the maps of the fictitious latitudes we put
0 = Gp into equation (15) above and let % range through
0 < ¢ <2 7T to generate the maps corresponding to each ep

Note that 1if Tan—1 % is8 used we must put

1

& = TAN = (B/A) + [1 - H(A)) * 7 + H(A) a [1 - H(B)] * 2 7

where
H(X) = 0 1if X < 0

=1 1f X 20

However, if the above convention 1is not used, the follow-

ing can be considered:

¢ = TAN-I(B/A) <0 WEST

b = TAN'l(B/A) >0 EAST
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PROGRAM DESCRIPTION

The program listed in this report is written in Fortran IV
at a sufficiently generalized level to be compatible with or
easily adapted to most computers and plotters. It has been
compiled and executed successfully on IBM 370 and IBM 360 com-
puter systems, and the plotting has been tested on Calcomp and
XYNETICS plotters as well. The program is subdivided into a
Main program, and three subroutines, FICT, EDGEPT, DEGREE, and
also a function program YMER.

The function of the Main program is to enter the input data.
It computes the required constants, converts the coordinates,
and checks the map for the size in Y-axis. It calls in sub-
routine DEGREE to develop latitude-longitude annotation at the
left and the bottom for the Mercator map. The arrangement of
data cards and various options are discussed in the section on
data input preparation. Once the Mercator map has been com-
pleted, it calls the subroutine FICT to generate all the ficti-
tious curves on that particular Mercator map, and last, it

either looks for another set of data for Pole projection or

il SR M M s

terminates its operation.

Subroutine EDGEPT is called by the subroutine FICT to

extrapolate the fictitious curve to the edge of the Mercator
map if a data point is being found outside the map.
Function program YMER is called by the Main program and

subroutine FICT to calculate the displacement from the equator

to transform the point found on a sphere into a point as if on :

an ellipsoid.

]




Dimensions

The program 1s dimensioned so that

fictitious longitude

and fictitious latitude curves are obtainable for up to 160

parameters. This number 1s arbitrary;

however, it may be made

larger by increasing the dime sions for the appropriate program

variable, FPLON. No other changes in the program are necessary.

If one wants to process additional plots
time, another set of input cards is necessary

cluded, as shown below, after the comment card

set of data.

//MERPLOT JOB (9999, 1M, 3KI,
/! EXEC FORTCLG

//SYSIN DD *

in one execution
and should be in-

of the previous

PETER

---~-FORTRAN SOURCE PROGRAM----

//GO.PLOTTAPE DD UNIT=(7TRK, ,DEFER),LABEL=(,NL),

// VOL=SER=PLOT,DISP=(NEW,KEEP)

//GO.SYSIN DD *

40.00N 110.00W 10
50N 508 70W 130E
POLE PROJECTION 40N 110W

J*

10 1 1
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Minor modifications to the program are necesgsary for a

successful compilation and e¢xecution on the other computers.

Statements

like CALL PLOTS, CALL PLOT, CALIL SYMBOL,

changed if the plotter used fs not the Calcomp or XY

plotter.

have to be

NETICS

The size of Y-maximum can be increased more than the

lO0-inch limit if the allowable size on Y-axis is bigger than

that of the ll-inch Calcomp plotter.

Input Preparation and Options

LOL.
CoL.
COL.
coL.

COL.

CcoL.

CARD_2
coL.
COL.
coL.
COL.

COL.

1-5

8-13

14

15-17

18-20

13

15-19

READS IN LOCATION OF THE POLE AND TH

FICTITIOUS GRID SPACING (DEGREE/INTE

LATITUDF OF POLE

NORTH OR SOUTH (N OR S)
LONGITUDE OF POLE

EAST OK WEST (E OR W)

GRID SPACING IN FICTITIOUS
LONGITUDE CURVES

GRID SPACING IN FICTITIOUS LATITUDES

READS IN THE SIZE OF THE MAP
TOP OF THE MERCATOR MAP
NORTH OR SOUTH (N OR S)
BOTTOM OF THE MERCATOR MAP
NORTH OR SOUTH (N OR S)

RIGHT LONGITUDE OF THE MERCATOR MAP

E
RVAL)
F5.2
Al
F6.2

Al

F3.0

F3.0

F5.0
Al
F5.0
Al

F5.0
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CoL.
COL.
COL.
COL.
CoL.

COL.

COL.

CARD 3

COL.

21
22-26
27
29-34
36-41

55

59

1-64

EAST OR WEST (E OR W)

LEFT LONGITUDE OF THE MERCATOR MAP
EAST OR WEST INFORMATION (E OR W)
MERCATOR SCALE (INCH/DEGREE)

MERCATOR GRID SPACING (DEGREE/INTERVAL)
IF=1 FICTITIOUS LONGITUDES ARE

DRAWN ON THE MERCATOR MAP

IF=1 FICTITIOUS LATITUDES ARE

DRAWN ON THE MAP

TITLE OF THE PLOT

Al
F5.0
Al
F6.3

F6.3

Il

11

16A4




PROGRAM LISTING

(B S e o Pt s e mir e ma et 0008 v s e ePesr rrartacrtrorsesrsrss sOacaeesstedeelNNnONYN
C «000Nr 020
C » THIS PROGEAM 19 T OLET FICTITIONS MERIDIANS AND PARALLFLS IN SN D 2 €
C » PEGUIL AR MEKCAT('R, s6& NOV. 11 1974, eese SO 0G @ 8
C » MHAWATT INSTITUTE OF GFOPHYSLICS :838232:2
: :o.--....o.oa-o-....-o---oooo-ot.tooooooootcoo--ooo-o.v---000000000000000()0070
b 0000CLPO
COMMUON XMT XM g YMT a3 Y MA QY TOF g YHOT 3 5SC X PIGH 1T T (7)) 09000060
INTEGFE AL, Colv gy N/INS/ JE/0F 0y 06000100
OTMENSTON IEY (1000 TETLF (16) A
C
o0l o
CeoseeC ALl L1 T (14t a1 ) IRTVIAL CALL FOR XYNFTICS PLCTTFR 00090150
CoeeeeCALL VLNTA(UINT ¢ADIO) [~ INITIAL €ALL FOR CALCOME Py NTTE R gg:gg::g
C
CALL P OIS ,a000 ) 00000120
-l 00000190
S yialy 000n0200
14 FEAD (CaAEND=T) FLAT NS GFLUNJEWSOLONGSCLAT 0000??18
HOFOREMAT (S el oAl a1 X oF a2 oAl o F I ,0,F 3.0} oooorzi
RHEAD (Hel0 o NOZ7IYToAgVH ol g XRoC o XL oNoSCALE (R TIN, IST oocnn?-g
10 FOEMAT(A(F N0 Al 41X )4 2(F 6Ba $etX)e10OXeTI) gggggg:o
HEADES o 3t ND=7 )T I TLF 000002@0
9 FURMAT (1 HAG) 000Ch= 70
PRINT 11,¥T4A YN, B,XF € ¢ XL ¢NsSCALE JGRID . 5
11 FOEMAT( o1, PLOT LIMITS: 46 (FT7e30A142X)1//702Ks* SCALETZ*.FT.3 000007R0
LE QI MFS/DFGHE Y7/ 3 IR *GRID SPACING =°,F 7,73, DKGQEFS/INYEQVAl'//longggggg
B lnd 15, 16T - 830001|o
18 FURMAT ('O e 1 2 X & 5 6K Ty 00000320
ETX 2011 .2%)/ 0o0nre 110
e OXNGTHY K4 KL, [ 57 51 KQ ) OOOOO;AO
PRINT 12,11 TL¢F 0000RISQ
V2 FORMATL/ /75X, 1 06AA/ /) 00000360
G .
CoessslEINT MAP TITUE AND SET THE PEN TO ORIGING ggggg;;g
' CALL SYMIOL(XPUT 8205 o YA 4o 18T ITUF 40 vst08 ) P
CALL PLOYT(XINHT 82,0, YARS0275,=3) 0000Cal 0
SHC=SCALEZ760. 00060420
1F (AFNaNsAND N EQeN) GO TO B 00000430
IFUAJNESNJANDHHeNF ¢N) GO TO 2 00000440
YMTzyTeno 00C00A%0
YMii == YR®(,0 00000Cae0
GO Ty 1 0000CATO0
1 YMT=YTes0 00C004880
YME=Yie A0 00000490
GO TN 3 0rr00sS00
2 vMV:—vY-ﬂg 000CO%10
YMH==-YHe( 00000520
I LF(Cel Qb AND.DEQ.E)Y GO TO & 00000F 20
IFACoNELFLANDJDNELE) GO TO S 00000540 i
XMT =1 0A00. ~XF*60 00N0005%0
XMHzXLe6C-10R00 . 000005¢€0
GO TU 6
& XMT=XEeARO=-10N00 000NO0STO
00000580
XM 2XL &/ 0= 10R00, 00000560
GO 10 6
S XMT=]10R00e-XH 860 00000600
00000#10
XMA=JOR00«-XL*A0 00000620
6 YHOT=YMFRUYMA) 0C000¢€30
YIOR=2({YMFR({(YMT )=YRANT )¢ SSC 000NCEAD
C 10 INCH 00000650
Cee00eCHECK THI DVFRALL SIZE OF THF MAP.Y-MAX, IS o
Coe0ee THENE 15 ND X~MAX, ON THF CALCOMP PLOTTER TECHNICALL Y. ggggg:gg
C 0000¢£0
IF(YTNP.GF s10.) GO TO 33 gogoctgo
X IGH=(XNT=XMI1)eSS5C 00000700
FHEINT 174 XRIGH,YTOP . 0000071¢C
17 FORMAT(/S5Xs* MAP SIZE IN INCHES®, 00000720
€% X3 oF 74345X Y2 FVe3//777) 00000730
NXAZ(XMT=XMA)}/(50,¢GRID)¢] .S 00CN0740
XME(XMT =XMR)/(HXA=1) 000007%0
NO 21 1=1.NXA 000007¢€0 i
xPOTzXMe([=-])¢55C 00000770 1
FEW=2XMHBe(]~1)eGRIDH0, 00C007R0
IF (MOD(1,21.60.0) GO TO 77 00000750 ]
C - 00000R00
CeveeeDRAW VIRTICAL GRIDS AND ANNOTATE IN DFEGREES., 00000810 !
c 00000820
CALL DFGREF(XPDT ¢XEWel ) 00000830
CALL PLOYUIXPIT 4040 ) 00000E40
CALL PLCTUXPOT,YTOP,2) 00060850
GO TO 21 00000860
P77 CALL PLOT(XPOT 4¥vTOP .3} 00000AT0O
CALL PLOT(XPOT 406 e)

00000880
C
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Coowve T SCALE TOM “9A(1 ARD GEINS Tiny CLOSFE TVERY urTure 0unnCagL

Cosoeal NGLTHDTIRNAL ok 1D 1% ANMODTATI O T AVOITD vt gty 0nopna00
v roenragyc
TVt AL ol TeC0f GAND G GEID QLY o104 ) G TN D) nonNnGYy20

CALL TGt b T o x!) weld) 00006930

¢l CUNTTNUF 060NGS AN
NYAS(LYMT oYM}/ (00t 21 )0 o fNCONGEQ
YM=(YMT~YMI) /s (1ivYA~]) oonncaen

0O 20 1=1eNYA annconrc

YROT = (YMEBE(YMIeYMO (-] )) oY POIT) oGO
YNS=YMUHE(T -1 )eii [rep,0,
TEAMODC T o det DaV) Gt T an

onnnNngen
onnCcnugn

00001060
@ nnooInto
CoemeanNi pw Ml T70ONTAY GPIDS AND ANNOVAIE M OF GEte 6, 0rnc1020
< ornr1020
CALL T ET(N T, Y)Y 40 ) 000nr104an
CALL LT (0, YT, 0) 00rN1IC*E0
CAV L Db YT vy, ) (AT I8 Mo &)
[CTRN NI oonotore
BO CALL DEGEEE Y IY y YNG4 D) nNororoRro
CALL LT (0, y¥vO0Y o y) [« XaXs XaB Ma XeXo]
CAlL PLOTOXP IOtV T 7)) 0root100
22 COINT [MiLie 00Co1l110
C 0oonNt1120
Cesevat CALD Pe (e B = Vo FICTITIOUS LONGITUIE CURVES ADE DR AW, neenyy g
Ceovac( THr i mlnf (NIY GLFGUE AR MERCATOER MAPR IS DROVIDED, onocn~1140
¢ 00no11%0
TP CISTOI Nt of) CALL FICTUOTNLAT oNSoFLONSEW HCLIINGSCLAT ) onec1ye0
YAX==(4 76 anontiLro
Gl) YO 14 CNCNILED
33 PREINT S5,y Thp 00NN 190
SG FURMAT (/77 SCALF/ZZI2F §REClhe PLET TOD LAFGE VERTICALL Y. yTOp=9, 0nonLIe00
CF 76 INLHEGS, MAX = 10,0 INCHIS .t cO0N1 210
C 0nrnn122n
CeseveCALL EHD LAY TO CLOSF T ROUTINE g:gg:g:g
c .
7 CALL PLOT(N, 0,,999) noonizeo
ST 000012¢€0
£ ND 00001270
- : ¥ [N r 3 5 Ne S T CCOCTI RN
c R NUTINE FIOT(EL AT NS oFLNMEWoSCLUONGSCLAT) e
C .t.-ooo-oo'tt-.t--ontotctoooo..tt.t-“o-00"-000-0000000“".‘.“.""0822=zgg
.0 S
C »
o 5 00CN1 220
C THIS SUMEOQUTINE 15 T CALCULATE THFE FICTITIOUS MFRIDIANS AND .
2 3 D ON THE MFRCAT(IR $00001132¢C
g : PARALLEL 5 SUPER IMPOSED 0 . alclOAT 6o
C ooooo.-c-..cﬁoooooo--oo-ottttto‘otaototttttotooo‘tco0.1.000-..“00‘00023&2:228
¢ COMMNN xwr.xun.th.vun.anP.vﬂO!-?SC.lnIGH.IGr(7) gggg;:;g
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